Abstract. -An ab-initio cluster calculation of the electronic d-states in VO2 has been made by using the self-consistent statistical exchange multiple scattering method. A VO8-6 octaedron was
. The low temperature phase is a monoclinic distortion of this rutile structure involving a pairing and off axis displacement of alternate vanadium ions along the rutile cr-axis (Fig. 1 b) . As a result, the crystal unit cell is doubled. Starting with the work of Adler and Brooks [2] , there have been several theoretical I descriptions in terms of band models [3, 4] . In these, the band-gap of semi-conducting V02 originates completely from a modification of the band structure by the distortion. In order to investigate the validity of such descriptions we have made several cluster calculations of the electronic structure, both in the rutile and distorted (*) Present address : Laboratory of Chemistry, University of Groningen, Groningen (Holland). configurations, by using the self-consistent statistical exchange multiple scattering method of Slater and Johnson [5] . This is an ab-initio calculation, which yields the splitting of the vanadium 3d-levels in the distorted structure. A complete detailed description of the calculations will be given elsewhere. We present here only the data and results relevant to the problem of the metal-insulator transition. We compare the band scheme inferred from our calculation to experimental data. A disagreement is found which is considered as evidence for the importance of intra-atomic correlations in inducing a band-gap.
Our calculations simulate a neutral cell of V02 in the solid by surrounding each atomic species of the cluster with non-overlapping muffin tin spheres, and by enclosing the cluster with a so-called outersphere [5] . Three [6] . Our results are consistent with the simplified band scheme discussed by Goodenough [6] : a 7r* band originates from the d.,z and dyz levels, and it overlaps a dil ~~ band originating from the d_,2 -y 2 level (this dll band should be narrower, due to an unfavorable symmetry with respect to yr bonding).
In order for the system to become semiconducting, two distinguishable changes in the band structure are required : (i) a raising of the n* bands above the Goodenough [6] that the first requirement is mainly fulfilled through the shortening of one V-0 distance by the distortion, thus destabilizing the 7r* orbitals. This is achieved by a displacement of the vanadiums perpendicular to the rutile cr-axis. The splitting of the d band can then result from formation of V-V pairs, through alternate displacements along this axis [6] . Given In order to include the effect of pairing one needs a larger cluster containing two vanadium atoms.
We have taken a V 20~Õ-cluster with two adjoining octahedra along the cr-axis (Fig. 16) . The vanadium in one octahedron is at (0, 5~, bz) whereas the other is in the symmetric position with respect to the center of symmetry of the cluster (Fig. 16) [8, 9] in the metallic phase indicate a bandwidth of order one to two electronvolts [10] , in agreement with the band calculations of Caruthers et al. [11] . In Goodenough's description [6] [12] [13] [14] , and recent thermoelectric power measurements (*) show that this is effectively due to excitation of carriers, as opposed to an activated mobility. From these results one deduces an energy gap for carrier excitation lying between 2 E6 = 0.9 eV and 0.7 eV, depending on assumptions of the temperature dependence of the gap [15] . We thus find a definite disagreement with the much smaller value inferred from the cluster calculation by taking into account bandwidths.
It therefore appears necessary to consider the intra-atomic electron repulsion as responsible for opening the gap. This is corroborated by : (i) estimations of the intra-atomic correlation energy U [16] (*) which yield values of a few electron-volts; (ii) the
